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An experimental  investigation was made  to  determine  the  performance 
of  seven  full-size  ejector  configurations  operat-  over a range  of  sec- 
on- to  primary  air-flow  ratio  from  zero  to  about 0.30, at  primary 

temperatures  from U20° to 37W0 R. Iche tests  were  performed on a 
turbojet-engine and afterburner assenibly in an altitude  test  chamber. 

1.195, and 1.60 were tested  with cylindrical-type ejector  shrouds,  and 
a diameter  ratio of 1.10 was tested with a conid-type ejector shroud. 
Spacing ratio was varied fram 0.213 to 0.810 for  the cylindrical ejector 
with a diameter  ratio of 1.095. 

total-  to  aibient-pressure  ratios up to 5.0, and at variou primsry gas 

L Ejector-shroud  to  pr--nozzle-exit  diameter  ratios of 1.048, 1.095, 

The  weight-flow  ratio  of  the  cylindrical  ejectors  increased  with 
primary  gas  temperature  in  such a manner that  the punping chaxacteristics 
were  almost  generalized  by the corrected  weight-flow ratio pazameter 
(WdWp}d-, which  applied  especially w e l l  for  ejectors hfLving a short 
shroud length relative  to  the  diameter  ratio. Pumping perfomaxe of the 
conical  ejector  investigated did not  correlate  at  vezious primary gas 
temperatures on the basis of  the  corrected weight-flow ratio  parmeter. 

The  variation in gross ejector-thrust  ratio  with  the  different 
levels  of &erburnLng gas temperature was not consistent.  Thrust  ratio 
with  afterburning,  however, w-as generally  higher than without afterburn- 
tag, but  the  total  variation  for any one ejector  configuration did not 
exceed 5 percent  when  campazed over EL range of corrected  weight-flow 
ratio  at a primary pressure  ratio  'of 5.0. 

I 

At very low values of weight-flow  ratio,  the cylindrical-type 
ejector  showed  better air-handling capacity  than a conical-type  ejector 
of  the  same  diemeter  and spacing ratio,  and  this  trend was reversed  at 



2 

higher f low ratios. The thrust   ratio of the  cylindrical type was 
slightly higher than that of the conical-type  ejector at the same weight- 
flow ratio.  Reverse secondary flow was indicated as more Likely t o  
occur with the  conical-type  ejector. 

. 

The a b  ejector has been established as an effective means of sup- 
plying  coaling, air  for  aircraft  engine inrstsllations. Because of the 
many variables which affect  ejector performance, there is considerable 
need at the  present tinae f o r  experimental ejector test data t o  aid i n  
the design and selection of '  ejector  configurations. References 1 to 4 
present  ejector-performance data of conical and cylindrical models mer  
a range of ejector geometry  and operating  pressure  ratio for cold 
( X O 0  R )  primary- and secondazy-air  temperatures. m i n g  characteris- 
t i c s  of turbo jet-engine e  jectora (with a  16-In. primary nozzle-exit 
diameter)  operating at primary  gas  temperatures from 12600 t o  1660° R 
and at prlma3y pressure  ratios up t o  only 1.8 are ccaqpared In reference 
5 with punping characteristics of geometrically B i m i l a r  1/4-scale model 
ejectors o erating with cold (540° R) air. A corrected weight-flow 
parameter pWs/Wp)-,/w was developed i n  reference 5, and, by use of 
this parameter, a good correlation was obtained between the hot and cold 
ejector   tes ts  f o r  the  ejector configw!&tians that had short mixing 
lengths. Stibsequent ejector tests performed on a  full-scale  afterburning 
engine (ref. 6) indicated that the  corrected weight-flow ra t lo  parameter 
did not correlate  engine-ejector and model-ejector pumping characteris- 
t i c s   a t  afterburning gas tenper&tures and high pressure  ratios. 

., 

The NACA Lewis laboratory is therefore conducting a program to deter- 
mine the  effects of temperature on both ejector pumping and thrust char- 
acterist ics.  This phase of the  investigation covers the  exgerimental 
results  obtained from tes t s  of rull-size  ejectors on a turbojet-engine 
and afterburner assenibly i n  one of the MCA Lewis altitude test chambers. 

Punrping and thrust performance of six cylindrical-type  ejectors and 
one conical-type ejector aze presented at primary to t a l -   t o  ambient- 
pressure ratios fram 1.75 t o  5.0 with primary-gas temperatures frm U2O0 
to 370O0 R. These ejector  data are presented i n  terms of secondaqy to  
primary  weight-flow ratio,  prbmry-gas t o  secondary-air  temperature rat io ,  
and gross ejector thrzzst t o  primary nozzle thrust ratio, and are  plotted 
as functions of the  aperational  variables, primary pressure ratio and 
secondary pressure  ratio. Cross plots of data are made t o  show how well 
the ejector performance W&B correlated by the  corrected weight-flow ra t io  
parameter ( W , / w , ) ~ ~  and to  indicate the efTects of diameter ra t io  
and spacing ratio a t  specifLc  operating  conditions. . 



NACA RM E m 8  - 3 

Prhary nozzle-exit  diameters of 21.10 and 15.75 inches were used 
* with  several  ejector shrouds t o  pmvide diameter ratios of 1.048, 1.095, 

1.195, and 1.60 for  the six cylindrical  ejectors and a diameter ra t io  
of 1.10 for the one conical  eJector. S p a c i n g  ra t io  varied frcxn 0.213 
t o  0.810 fo r  the various  ejectors. 

Test  Facility 

Ejector  tests of this investigation =re performed on an engine- 
afterburner assenibly installed in an alt i tude chamber as shown in f ig-  
ures l(a) and (b) . The' J34-WE-22 turbojet engine and afterburner were 
rigidly mounted on a platform that was suspended fromthe top of the 
altitude chamber by mans of steel flexure plates. Force was transmitted 
from the platform t o  a thrust-measuring unit calibrated  to  read the t o t a l  

% 
thrust force with an accuracy of & percent. A more complete descrip- 2 
t ion of the engine and alt i tude test r?hrvnber is reported in  reference 7 .  d 

P .. .. . 

Afterburner 
1 

The afterburner shell (fig. 2(a) 1 was made of 118-inch  Inconel 
sheet and was 6 1  inches  long.  Inconel  channels on the outside  surface 
(f ig  . 2{b 1 ) provided  support and served as spaces for  the  cooling 
shroud, which was installed as- shown in figure 3. Dimensions of the 
afterburner were the same for a l l  ejector  configurations, and the pri-  
mary nozzle-exit  diameters and half-cone  angles are shown in figure 2(a). 

Ejector  Configurations 

A typical  cylindrical-e  jector sbroud is shown in figure 4(a), and 
4(b) shows a conical-ejector shroud. These shrouds were also made of 
Inconel and could be carpled t o  the cooling-shroud afterburner assenibly 
[fig. 3) by means of a quick-disconnect, clamged flange  joint. Seven 
ejector shrouds were attached to   the  cooling-shroud flange t o  provide 
the following  ejector  configurations: 
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Ejector 
configuat ion 

we of I Diameter I Spachg 
ejector 

Cylindrical 

.a8 1.10 Conical 

.587 1.60 Cylindrical 

.#3 1.195 Cylindrical 

.810 1.095 Cylindrical 

.408 1.095 Cylindrical 
,213 1.095 CylFndlrical 

0.445 1.048 

. 

N 
(D 
rl to 

Diagrams giving the basic dimensions  of each ejector  configuration  are 
shown in figure 5. Also shown is the basic engine configuration used 
for  calibrating the primary  nozzle i n  terms of mass flow and thrust. 

Instrumentation 

Pr-ry total and static pressures were measured 20 inches upstream 
of the primary  nozzle exit (station  p) by a water-cooled rake-and wall- . 
‘i ressure taps,  respectively. The 1 2  total-pressure probes on the rake 
f ig .  6) were spaced at intervals of equal flow areas. 

Secondary t o t a l  pressure P, was measured  by 10 probes at station 8 

spaced i n  the secondary flow passage, as indicated i n  figure 7. Axial 
location of the Ps probes (station s) was 1/2 inch upstream of the min- 
imum secondary-flow area for  ejector configurations A t o  E. For 
configuration F the secondary total. pressure was memured 1/2 inch up- 
stream from the cylindrical  portion of the ejector shroud, and fo r  con- 
figuration G the measurement was made 1/2 inch upstream of the conical 
portion of the ejector shroud (see f i g .  5). Ambient pressure (exhaust 
pressure) was taken  with four equally spaced s t a t i c  tubes located on the 
outside l i p  of the ejector shroud, as shown i n  ffgure 4(a). Stat ic  pres- 
sures along the  eJector shroud were measured by w a l l  s tatic  taps  {fig.  4 )  
spaced over the entire shroud length. 

Primary gas temperature for  nonafterburning  operation was meamred 
by 48 thermocouples at the  turbine  .outlet. With .the afterburner in 
operation, primary gas temperature was calculated aa described in 
appendix B. 

Secondary t o t a l  temperature was measured with f o u r  equally spaced 
temperature  probes  located at station s, as i n  figure 7 .  . 
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Various skin temperatures were measured on the afterburner and 
* ejector  to  calculate nozzle  thermal  expansion and to locate  hot  spots 

In the  af terbmer  shel l .  Engine air flow w a s  calculated Fn the con- 
ventional m e r  by using measured pressures and temperatures and a 
calibrated  venturi  engine-inlet assembly. Primary-stream weight flow 
was calculated as the sum of engine-inlet a i r  f l o w  and t o t a l  fuel  flow, 
m i n u s  calibrated leakage a i r  flow.  Secondary-air  flow was measured with 
A.S .M.E. standard flat-plate  orifices.  

CN 

N 
G 

PROCEDURE 

Ejector gecanetry was varied over a range of diameter r a t io  (from 
1.048 to 1.195) and spacing ra t io  (f'ram 0.213 to 0.810) by siarply 
changing the  ejector shroud and using the same 21.1-Inch-diameter pr i -  
mary nozzle. me 1mge m e t e r   r a t i o  of 1.60 ( c d i w a t i o n  F) w&s 
obtained  by using a 15.75-inch  primary  nozzle. 

Operational  variables  involved were primary total   pressure Pp, 
secondary total   pressure P,, primary total temperature Tp, secondaq 
total tarperatme Ts, prinmEtry air f l o w  secondary air f l o w  W,, and 

constant f o r  a  given test by adJusting engine-Met  pressure,  inlet 
t-erature,  engine speed, and afterburner  fuel-air ra t io .  men, one 
method  of performing the test was to set PJPo by changing po and 
varying Ws to obtain a range of WS[Wp, eS, and  Ps/po. Another 
method was to se t  W and vary po to obtain a range of Pdpo  and 
Pp/po for  which l$kCS and W d W p  w e r e  practically  constant. 

ambient pressure po. The variables PPI and Wp were held nearly 

Each ejector  configuration was investigated over a range of Ws/Wp, 
a t   the  nQmFaal values of primary  gas temper- 
with zero secondary  flow {Ws = 0) were per- 

formed over a range of pressure  ratio for each ejector  configuration at 
primary gas temperatures of 540° and =ZOO R, except for  configuration G 
Which was operated a t  primary  gas tenpratures  of 1120° and 22000 R with 
zero secondary  flow. 

Thrust was measured for all the ejector   tes ts  except when the engine 
was Winamillhg (l$ = 540° R) . Large ram forces acting on the wind- 
m i L l F n g  engine made the measurement of ejector thrust impractical. 

Calibration of the 21.1-inch  nozzle was made with the  eJector removed 
e (basic engine configuration, f i g .  5 (a) )   a t  gas tqeratures of m o o ,  ' 

P ature of 1500° R only. 
3000°, and 370O0 R to determine flow and. thrust coefficients over a  range 
of pressure ratio. The 15.75-inch  nozzle was calibrated at a gas teqer- 
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Clear unleaded gasoline (E/C of about O.lsO> was used as engine fuel 
and JP-4 (E/C of about 0.170) was used for  afterburner fuel throughout 
the  investigation. 

Punping and thrust  characteristics of a full-size  ejector  are re- 
ported  herein aa determined from experimental test results. The symbols N 
and various  parameters used are defined i n  appendix A .  T h r u s t  and dis- 2 
charge coefficients of the primary  nozzles are also presented for use K) 

in calculation of net ejector thrust fo r  a specific flight plan. 

Primary-Nozzle Performance 

Results of the  prhmry-nozzle  calibrations are shown in figures 8 
and 9 along with calculated thrust curves (y = 1.365) fo r  an ideal con- 
vergent  nozzle and for e.n ideal nozzle  having complete isentropic ex- 
pansion. The thrust parameter FJ/p& for   the 21.1-inch nozzle  (fig. 
8) was higher at the gas  temperature of ll2Oo R (nonafterburning) than 
at  gas temperatures of 3oooo and 37W0 R (with  afterburning). This 
change i n  thrust is not only a result of the change i n  gas properties 
due t o  the change i n  temperature level,  but is also a result of various 
primary-stream characteristics such a8 velocity  profiles and possibly 
gas w h i r l  fram the engine  associated with different  levels of after- 
burner operat ion. 

a 

Primary-nozzle thrust coefficients in figure 10 are the ra t io  of 
measured thrust to   the  thrust  of an ideal convergent nozzle  calculated 
as described in appendix B. The thrust  coefficient of the 21.1-inch 
nozzle fo r  nonafterburning at Tp of U2O0 R waa about 2 percent  higher 
than  with  afterburning at Tp of 3000° or 3700' R, probably because of 
the previously mentioned differences i n  primEtry-stream characteristics. 
A lower thrust  coefficient (about 1 percent lower) was obtained w3th the 
15.75-inch  nozzle  than with the 2l.l-Lnch  nozzle.  Since the gas temper- 
atures (1500O and ll2Oo R )  and operat- conditions of the two nozzles 
were not  radicaJly  different (both were evaluated at nonafterburning 
conditions) , the lower thrust coefficient can probably  be at t r ibuted  to  
the greater convergence angle of the 15.75-inch  nozzle.  Discharge  coef- 
f ic ients   for   the 21.1-inch and 15.75-inch nozzles in figwe 11 show 
essentially the same trends as the  thrust  coefficients in figure 10. 
Calculation  of the discharge  coefficient is presented in appendix B. 

Either nozzle  coefficients o r  the nozzle  calibration curves, or both, 
can be used to  calculate  absolute'  values of primary gas flow, secondary 
air flow, primary-nozzle thrust, and ejector thrust from the ejector- . 
performance curves  presented  herein. 
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Ejector Performance 
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The ejector   tes t  da.ta are grouped accordlng to confi@;uration b 
f i w e s  12 t o  36. Each ~ O U P  (except for configuration  F) c m t a h s  
experimental  ejector-performance data at three or more primary gas tan- 
peratures . A t  each ~ i m a r y  gas temperature, ejector -punping character- 
i s t i c s  are presented 88 measured values of weight-flow ra t io  Ws/Wp 
against secondary pressure  ratio pS/po for  constant  vdues of pr- 

G e j  
E\) over the range of primary pressure  ratio  for various constant values of 
CN pressure r a t i o  Pp/po. Ejector gross-thrust ra t io  F IF j  is plotted 

weight-flow ratio.  Ejector-thrust ratio is the  ra t io  of ejector  gross 
thrust to the gross thrust of the primary mzzle  operating at approxi- 
mately the same gas temperature and at the same over-all  pressure r a t i o  
without the ejector shroud. The ra t io  of pr lmry gas temperature t o  
secondary sir tqerature TJTB is presented Fn the same manner as 
weight-fJaw ra t io  so that the corrected weight-fluw ra t io  parameter 
(Ws[Wf)d- can be determined at any ejector operating condition 

s d e   l e v e l  ~ 1 ~ 0  . Values of Eight-flow  ratio wLth nonafterburning 
[Tp I: U 2 O o  R)  were therefore  carried w e l l  into the range required with 
afterburning in order to a l l o w  coqazison of the  ejector at various 
operating gas %aperatures. A L L  eJector  configurations were tested  with 
zero secondary flow (upstream  secondary  passage  blocked) at the nonafter- 
burnFng temperature, and the resultin@; secondary pressure  ratios and 
ejector-thrust  ratios are presented herein. 

inves igated. The minimum weight-f low r a t io  for afterburning 
2000' to 37000 R) conditions WBB dictated by coolhg 
s a r y  to kee the primary nozzle and afterburner  skin tenqerature at a 

4 

/ 

Pumping characteristics of ejector  configuration A in figme 12 show 
the usual  ejector  action  for zero-secondary-flow conditions in that sec- 
ondary pressure  ratio  Pdpo waa reduced t o  a minimum and then  increased 
approximately linearly 88 primary pressure  ratio P po was increased. 
The Unear relation between Ps/po and Pp/po existed after the primary 
Jet expanded to intercept  the  ejector shroud and formed a stable super- 
sonic flow upstream of any internalxihock as described in reference 4. 
The area above zero-secondary-flow  curves (such as f ig .  12) defines com- 
bhat ions of primary and secondary pressure  ratios at which the eJector 
will operate  with sane secondary air  flow. !he area b e l m  the zero-flow 
curve represents operating conditions  for which reverse flow would occur 
(ref. 3) if the  ejector were subjected t o  such canbinations of pressure 
ratio.  The primary pressure  r&tio at which  6eCOndW flow is exactly 
zero f o r  a given pressure  ratio  across the entire secondary system is 
called the "cut-off point", and the locus of these  cut-off points is, of 
course,  defined by the zero-secondmy-flow  curve. 

pl 
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Pumping characteristics of configuxation A with secondary flow are 
shown i n  figure =(a) for  the nonafterburning gas temperature of U 2 O o  R, 
in figure 13(b fo r  afterburning gaa temgeratures from Wo t o  320O0 R, 
and in figure 13( c 1 f o r  a f te rbm gas teqeratures  f i o m  3600' t o  
370O0 R.  The temperature r a t io  g T ,  at which the ejector  operated is 
shown i n  figure 14Ca) to   ( c>  for the  respective p a r t s  of figure 13(a) t o  
( 4 .  

Thrust performance of configuration A is shown i n  figure 15 (a) t o  Rl (0 

(c}  for  the  three p r b r y  gas temperatures  previously mentioned. Data M d 
points are not shown because the  thrust curves (except for Ws/Wp = 0) 
were cross  -plo%ted. The thrust ra t io  at zero secondary flow (fig . 15 (a) 
is similar to that of a convergent-divergent nozzle i n  that rela- 
tively  large thrust losses resulted from overexpansion and shock 
losses when the primary ra t io  was at a certain  value  (Pdp0 of about 
1.75 in t h i s  case). Overexpansion of the rtaary stream was effectively 
reduced by the  addition of secondary flow ?fig. 15(a)) and thus enabled 
more of the  ideally  available primary thrust to  be recovered. Thrust 
was also added by the seconda,ry mass flow and velocity, and consequently 
the gross thrust of the ejector system continuously  increased with weight- 
flow ra t io  as shown in  figure 15. It should  be  noted, however, that net 
ejector  thrust w i l l  not continuously  increase with increased weight-flow 
ra t io  because of the seco-ndary-air inlet  momentum. In  other words, a t  
a f h e d  flight condition,  net-thrust  ratio will maximize with weight-flow 
rat io. 

Ejector performance data for configurations B, C, D, and E (figs. 16 
though 33) are presented ta the stme general manner as were data for con- 
figuration A .  Some ejectors were not tested  with a primary gas t e q e r -  
ature of 370O0 R (because of excessive  nozzle skFn temperature), and 
the.refore performance data at a gas temperature of about ZOOOo R are in- 
cluded for  these  configurations.  Configuration F represents a kmge 
diameter-ratio ejector such aa might exist with a fjxed  ejector shroud 
when the nozzle of an afterburning  engine is i n  the closed  position. 
Tests of this ejector (figs. 34 t o  36) w e r e  performed only a t  the non- 
afterburning gas temperature of 1500° R. The secondary pressure  ratio 
is not presented i n  figure 34 (configuration F) f o r  values of weight- 
flow ra t io  above 0.086 because of unreliable secondary-pressure masure- 
rents which resulted frm supersonic flow and shock in the secondary 
passage. 

Performance data for the one conical  ejector  investigated  (config- 
uration G) axe presented in figures 37 t o  40. 
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Effect of Operating Iemgeratures on Ejector Flow Characteristics 

Ejector  flow  theory (ref. 5) shows that the weight-flow ra t io  Ws/Wp 
of an ejector will increase with increased  temperature r a t io  
operating  pressures P&Q and PS/po are held constant. The  manner 
fn which Ws/Wp increases  with IC Is for  a turbo  jet-engine e jeator is 
a function of many secondary vari  d les that also change wieh temgerature 
level (because of the change i n  engine or afterburner  qperation  necessary 
to obtain the temperature le-1). Scane of these secondary variables are 

gas properties of the primary stream resulting from the afidition of 
various amounts of fuel. However, the  corrected we igh t - f low ra t io  
(Ws/Wp}@& as developed in reference 5, serves as an approximate 
parameter t o  correlate flow characteriatics of an ejector  operating at 
different  temgeratures. 

q% if 

CFI 

LJa 
10 the velocity and temp=rature gradients across the primary stream and the 

In order to compare values of measured weight-flow ra t io  and also 
to indicate  the degree of correlation that can be obtained by use of the 
corrected weight-flow ratio,  these two parmters are plotted in figures 
41  t o  46 over a  range of secondary pressure  ratio (parts ( a>)  and a 
range of primary pressure  ratio (parts (b) 1 for  the various  ejector con- 
figurations  operating at afterburning and nonafterburning gas tempera- 
tures. A t  a specific  operating  pressure  ratio,  the measured weight-flow 
ratio  (represented by dashed lines) for alJ.. the ejector  configurations 
increased  with an increase fram the nonaf'terburning gas temperature 
( m o o  R)  t o  the lowest afterburning gas  temperature  (about 2oooo or 
3oooo R ) .  For the  afterburning range of gas temperature (2000° t o  
370O0 R), measured weight-flow ratio increased  with  increased gas tan- 
perature (except f o r  configurations A and G), but the rate of increase 
of weight-flow ra t io  with temperature was not as great as for  the change 
from nonafterburning to afterburnbe  operation. However, configuration 
A (the smallest diameter ratio  investigated, D /D = 1.048) and config- 
uration G (the one conical-type  ejector  tested) showed a  decrease in  
measured we igh t - f low ra t io  w i t h  an increase i n  afterburning  gas  tanper- 
ature. The curves of figures al to 46 thus indicate that measured e  jec- 
to r  weight-flow ratio  (for  specific  operating  pressure  ratios) is not 
only a function of operating  temperature but is also influenced by (1) 
changes in secondary vmiables  necessary to obtain  various  operating 
temperatures  and (2) the geometry  of the  ejector  configuration. 

S P  

%e sol id   l ines  in figures 41 to 46 ehow air-flow  characteristics 
of the  various  ejectors i n  terms of corrected weigh.t-flow ra t io  
(ws/Wp) @&, and a ccqparison of these curves indicates  the degree of 
correlation  obtained by using  only a temgerature-ratio  correction  factor. 
A good correlation was obtained for  two of the cylindrical  ejectors {con- 
figuration B, fig. 42, and configuration C, fig.  43) i n  that the  corrected 
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weight-flow r a t i o  curves grouped together (maximum spread of less  than 
0.01 ( W $ w , )  d v -  scale  units ) over the range of operating gas tem- 
perature from 1120 g t o  3200' R .  For the  cylindrical  configuratione A 
D, and E the  corrected weight-flow ra t io  curves (figs. 41, 44, and 451 
at afterburning  temperatures  are below the curve for  the nonafterburnfng 
temperature, which means that the afterburning  data were essentially 
"overcorrected" by the  temperature-ratio  correction  factor d m .  
The conical-ejector  (configuration G) curves i n  figure 46 show a much 
Larger "overcorrection" than occurred f o r  any of the cylindrical-type 
ejectors. It can be noted that the measured weight-flaw ra t io  curves 
of the  conical  eJector grouped closer than  the corrected weight-flow 
rat i o  c w e ~ .  

To give an over-all view of how the  corrected weight-flow ra t io  
applied t o  cylindrical  ejectors of various d-ter  and spacing  ratios, 
figure 47 is presented &s the  difference in corrected weight-flow rat io  (. 5 E) that resulted between nanafterburning  operation at U2O0 R 

and afterburning  operation a t  3000° t o  320O0 R for  fixed  operating 
pressure  ratios (PJpo 5 3.5 and -Ps/po = 2.5). It is Fndicated that 5 increased from 0.0005 t o  0.008 units as spacing r a t i o  wa6 

c ed fr 0.213 t o  0.810 w i t h  the diameter ratio  constant  at 1.095. 

For a constant spacing ra t io  of about 0.4, (A 2 6) decreased 

greatly as dismeter rat io  was changed from 1.048 'to 1.095-kd  increased 
only slightly with a diameter-ratio change from 1.095 t o  1.195. ?us, 
f o r  the gas-temperature range ( U O 0  t o  3200° R) and operating  pressure 
ratios (Pdpo P 3.5 and Ps/po a 2.5 ) of figure 47, it appears that air- 
flow chmacteristics were practically  generalized  for  the  cylindrical- 
type  ejector with a short m*ing length  relative t o  the diameter ra t io  
( L / 4  of 0.40 o r  l e sa  aad D,/Dp of 1.10 or greater,  configurations B 
and C 1, but were not  generalized for the cylindrical  ejector having an 
L / 4  greater than 0.40 (configuration D) or a D d 4  less than 1.10 
(configuration A ) .  

Effect of Operating Temperature on Ejector-Thrust  Ratio 

The effect of operating  temperature on ejector-thrust  ratio is pre- . 
sented i n  figure 48 for  a range of corrected weight-flow ra t io  at the 
primavy pressure ra t io  of 5.0 (highest PJpo investigated). These 
curves were cross-plotted from the correspondbg thrust data  previously 
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resented. A higher thrust   ratio at the afterburning  temperatures 
2WOo to 370° R] than at the nonafterburning  temperature (I.l2O0 R) is 

indicated as a general  trend i n  figure 48 for  all the ejector  config- 
urations when c q a r e d  at the same corrected weight-flow r a t i o .  For 
the afterbur- temperature range only, the variation of thrust ra t io  
wlth primary gae t eqera ture  is shown to be  unsystematic, and pronounced 
trends  are not apprent  because the accuracy of the  thrust-measurhg 
system was only about &lz percent. 1% is of interest to note that the 

ejector  &onfiguration in  figure 48 did not vary  with gas temperature 
more than 0.04 thrust-ratio units (less than 5 percent of engine thrust) 
over the range (0.01 t o  0.18) of corrected weight-flow ratio  presented. 

1 
CEl 

N 
G gross -thrust ra t io  (at a given  value of (ws/W,) J;FJFJ of any specific 

Effect of  Geometry on Ejector Perfonnance 

Ejector performance is, of course, affected by changes i n  ejector 
geometry because expamian  processes of both the prhmry and secondary 
streams are affected, as well as the amount of mixing between the two 
stream. In order to show the  effects of changes i n  ejector geometry, 
a brief comparison of pumping and thrust characteristics was made for 
the  various  ejector  configurations a t  the  nonafterburning gas temper- 
atures of U O 0  R in figures 49 to 51. 

Diameter rat io .  - Changes i n  diameter r a t io  at a constant  spacing 
rat io  of about 0.4 showed in figure 49(a) that the ejector with the 
largest diameter ra t io  (Ds/D = 1.195) had the best pumping character- 
i s t i c s  for weight-flow ratios of both 0.03 and 0.07 i n  that the  flow 
ratios were handled at a lower level of secondary pressure  ratio. In 
figure  49(a),  operational limits (cut-off  point) of the ejectors were 
shifted to a higher range of primary pressure  ratio w i t h  increased 
diameter ra t io  as indicated by the zero-secondary-flow curves. 

P 

Thrust characterbtics of the three ejectors with spacing ra t io  of 
0.4 in figure 4S{b) indicate that the highest thrust ra t io  at a w e i g h t -  
flow ra t io  of 0.07 was attained by the  ejector with the medium diameter 
ra t io  (Ds/Dp = 1.095). This effect is likely  the result of a more e f f i -  
cient expansion of the primary stream with the diameter ra t io  of 1.095 at 
Ws/Wp of 0.07 than  with  the  other two diameter ratios.  That is, the 
expansion rat io  of the primary stream is essentiaJ2.y controlled by the 
physical  size of the ejector and the amount of secondary flow. 

SpacinK rat io .  - The effects of changes in spacing r a t io  on ejector 
pmrping and thrust   cbracter is t ics  at a diameter ra t io  of 1.095 me shown 
in figures %(a) and (b), respectively. The longest  ejector (L&, = 0.81) 
had the best pumping characteristics at the  flow  ratio Ws/Wp of 0.7, but 
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for  the lower flow ratio of 0.03 the  shortest  ejector ( L / 4  = 0.213) had 
a slightly  better air-handling capacity  (fig.  50(a)) when operating 
above a primary pressure  ratio of 3 .O . About the same thrust   ratio 
occurred (fig. 5O(b ) a t  a weight-flow ra t io  of 0.07 for the short-length 
ejector cL/n, = 0.213) and the medium-length ejector (LIDp =I 0.408). The 
tbrust ra t io  of the longest  ejector (L/Dp P 0.81) was about 2 t o  3 per- 
cent lower than  for  the  other two ejectors a t  the flow ratio of 0.07. 
The meximum thrust losses at zero secondary flow (fig. 5O(b)) and the 
maximum suction  pressure  (fig . 5O(b ) ) developed by the  ejectors  with  the 
diameter ratios of 1.095 increased as spacing ratio was increased. Thipl 
effect, of course, resulted because the primary j e t  expanded t o  f i l l  the 
shroud exit of the  longer  ejector at a  primary pressure  ratio somewhat 
lower than  the primary pressure  required to fill the shroud exit of the 
two shorter  ejectors. 

a N 

M r( 

Comparison  of cylindrical and conical  eJector. - Performance of the 
one conical-type  edector  investigated  (configuration G) is compared in 
figure 51 with  the perfonaance of' a cylindrical  ejector  (configuration C)  
having almost the same diameter r a t io  and spacbg ratio and o p e r a t a  at 
the same nonafterburning gas teqperature of U O 0  R .  The large  differ- 
ences in pumping characteristics (fig. 5l(a)) that occurred  with the W- w 

ferent  type of ejector can be explained by considering  the  type of flow 
believed t o  be present i n  the conical- and cylhdrical-type  ejector 
shrouds at different  levels of weight-flow ratio.  A t  a weight-flow ra t io  
of zero, the primary jet can expand t o  strike the conical-shroud wall 
well upstream of the shroud exit  and came a portion of the primary stream 
t o  be deflected upstream along the shroud wall with a consequent r i se  i n  
secondaqy pressure. To maintain  equilibrium, the  deflected  flow is en- 
trained by the primary j e t  and a continuous circulation is set  up. Thus, 
the  conical  ejector is essentially pumping a certain amount of secondary 
flow, even though the over -all weight-flow r a t i o  is zero. The circulat - 
ing flow should be a function of the conical-shroud gecglbjtry and would 
probably  increase with increased shroud cone angle. The cylindrical 
shroud (cone angle of zero) would  have the  least  circulation, and a lower 
secondary pressure woad result  as indicated i n  figure 51(a). A t  some 
low value of weight-flow ratio, the circulation  within the conical shroud 
could be partially eliminated by the presence of a small  secondary flow, 
and the pumping characteristic8 of the con ica l  and cylindrical  ejector 
could approach each other as indicated i n  figure 51(a) at Ws /Wp of 0.01. 
A t  a sufficiently  large weight -flow r a t i o  (Ws/Wp = 0.05, f i g  . 51(a) } , the 
circulation would,  of course, be conrpletely stopped and the  conical  ejec- 
t o r  c o o  pmg the same secondary flow at a lower level of secondary 
pressure  ratio  than  the  cylindrical  ejector because the exposed shearing 
surface of the primary jet is greater  for  the conicaL ejector. It c8.n 
also be noted fram the slope and position of the zero-secondary-flow 
curves in figure Sl(a) that reverse flow at a given  primary pressure - 
ra t io  is more likely t o  occur with a conical-ejector shroud than with a 
cylindrical-e  jector shroud. 

I 

Y 
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The cnmparison of thrust ra t io  i n  figure 5l(b) indicates that the 
thrust of the  cylindrical  ejector was generally slightly higher than 
the  thrust of the conical. ejector. 

Ty-pe of Flow Present i n  Full-Scale  Ejector 

Wall static-pressure measurements taken along the shroud of the 
w longest  ejector  investigated  {configuration D) at the primary gas tern- 
% perature of ll2O0 R are presented in figures 52 t o  54 f o r  weight-flow 
N ratios of 0, 0.031, and O.ll2, respectively. 

A t  the w e i g h t  -flow r a t i o  of zero shown in figure 52, curves a and b 
indicate that the prhazy jet was diffused  subsonically to exhaust pres- 
sure when the prFmary pressure ratio was relatively low (Pp/po = 1.44 
and 1.63). Between the Pp/po of 1.63  (curve b) and 1.72 (curve c), 
the primary Jet ccoppletely f i l l e d  the ejector shroud and rapidly changed 
t o  a supersonic type of flow as represented by curve c. Curve c s h m  
that the  supersonic primary Jet  expanded to strike the shroud wall 
slightly downstream  of the primary nozzle exit and caused a sharp rise 
Fn wall pressure due t o  impingement  and possibly  oblique shock near the 
boundary mer. The second sharp pressure rise shown in  curve c was 
lndicated  as a form of normal shock that occurred from overexpansion of 
the  core of the primary stream. Downatream of the normal shock, the 
primazy stream diffused t o  almost exhaust pressure  before  leavbg  the 
ejector shroud. Increased  primary  pressure  ratios allowed the. normal 
shock t o  progressively m e  downstream (curves e t o  h) un t i l  the flow 
throughout the entire shroud length became supersonic  (curves i and J >  
and the Fnternal shroud pressures became Fndependent of the external. 
exhaust pressure. 

W a l l  pressures  plotted for a constant weight-flow ra t io  of 0.031 
in f igme 53 show that the relatively small secondary f l o w  samewhat 
suppressed an overexpansion of the  primary stream (tjy forming a semi- 
physical. boUnaary>, and thus oblique shock was eliminated and normal 
shock occurred farther dawnstream than for  the case of zero secondary 
flow in figure 52 at the same prl?mry pressure  ratio. 

The cy1indricaJ"shroud wall pressures i n  figure 54 indicate that 
at the weight-flow ra t io  of O . U ,  internal shock in the  primary stream 
was almost eliminated. Choking of the secondary-flow  passage, however, 
must have occurred at the minimum secondary-flow area because of the 
abrupt changes i n  wall pressure measured just downstream of the minimum 
secondary-flaw area. Supersonic  flow and then some sort  of shock system 
In the secondary  passage (fig. 5 4 )  occurred  near the primary  nozzle exit. 
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Wall-pressure profiles of figures 52 and 54. thus show that  expan- 
sion (and hence internal shock) of the primary ejector  stream can be 
essentially  controlled.by changes in the ejector weight-flow ratio.  The 
usefulness of such a control would,  of course,  be t o  increase  the  thrust 
available fram the pritnary stream by elimhmting sane of the overexpan- 
sion losses a t  high  pressure  ratios. 

Application of Data (u 

The data presented throughout this report are experimental and give d 
(D 

the performance of specFfic --size ejector  configurations  operating 
at   afterburnbg and noii&terburning  tenrperature conditions over a range 
of mass flow and  pressCme. Ejectors having flow passages and nozzle 
shapes similar to   these experimental  ejectors  should  give  essentiaUy 
the same performance at comgarable operating  conditions. Rowever, ejec- 
tors  with  radically  different  gemtries (such 88 size and shape of 
secondary-flow  passage and primary nozzle) can give  greatly  different 
performance even though diameter ra t io  and spacing ra t io  are the same. 
It should also be recognizes that performance- of a i  engine- and ejector 
assembly can chmge somewhat i f  the same ejector is  used w i t h  another 
engine  having rdicaUy  different   veloci ty  and temperature profiles at 
the engine e h u s t  nozzle. 

Ejector performance i n  an aircraft   installation is controlled by 
the scoop, duct, and coolbg passage through which the secondary a i r  
must flow. A desirabk  characteristic of the secondary system is, of 
course, t o  strpply only the  required secondary f low at the h i  est pos- 
sible secondary t o t a l  pressure.  Since  the thrust ratio  pre- 
sented  herein is In terms of gross measured thrust {jet thrustj ,   the 
inlet  momentum of the primary asd secondary flow must be accounted for 
in order to   a r r ive  at the  value of net thrust for a specific flight 
speed. 

CONCWDLNG REMARKS 

An investigation was made t o  determine the pumging and thrust  per- 
formance of seven full-size  ejector  configurations  operating on a 
turbojet-engine and afterburner assembly at a nonafterburning gas temper- 
ature (l120° R )  and at several  afterburning gas  temperatures (xx>oo t o  
370O0 R ) .  The tests were performed Over a range of secondary to primary 
air-flow  ratio from zero t o  about 0.30 at primary pressure  ratios from 
1.75  t o  5.0. 9ix cylindrical-type  ejectors having diameter ratios from 
1.048 t o  1.60 and spacing ratios f r o m  0.213 t o  0.810 were tested. One 
conical-type  ejector with a diameter ra t io  of 1.10 and a spacing ra t io  
of 0.408 was also tested. 

L 



The experimental test results of the investigation  presented  herein 
indicate that ejector weight-flaw ratio  [for  specific  operating  pressure 
ratios) is not anly a function of o p e r a t a  temperature  but is also in- 
fluenced by secondary factors caused by a change Fn the mode of opera- 
tion frcm nonafterburning to afterburnfng  conditions. However, the 
corrected weight-flow ra t io  served to  correlate  air-flow  characteristics 
of cylindrical  ejectors with short mixing lengths  relative to the dim- 
e ter   ra t io  (spacing ratios e 0.40 and diameter ratios 3 1.10) f o r  the 
range of operating gas temperature frm U2O0 t o  320O0 R .  

The m i a t i o n  in gross-thrust  ratio  with pr- gas temperature 
was not consistent. It m s  indicated, however, that thrust ra t io  at a 
specific corrected weight-flow ra t io  was changed more by changing from 
nonafterburning to afterburning  conditions than by changing only pri-  
mary gas temperature. The gross ejector-thrust ratio  with  afterburning 
temperatures from 2000° to 3700° R was general ly higher than for the 
nonafterburming teqerature of U20° R when  comrpared at a primary  pres- 
sure  ratio of 5.0 over a range of corrected weight-flow ra t io  frm 0.01 
t o  0.18, but the total variation did not exceed 5 percent  for any ejec- 
tor  configuration  investigated. 

Of the cylindrical  ejectors  investigated at  a spacing r a t i o  of about 
0.4 (diameter ratios of 1.048, 1.095, and 1.1951, the  ejector with the 
largest  diameter  ratio w a s  indicated to have the best pumpkg character- 
is t ics ,  and the highest thrust ra t io  was indicated for the ejector with 
the medium diameter ratio.  

Changes in spacing (spacing ratios of 0.213, 0.408, and 0.81) at a 
constant diemeter r a t i o  of 1.095 showed that the longest cylindrical 
ejector had the best pmrging characteristics at the  ejector weight-flow 
ra t io  of 0.07, but at the  flow  ratio of 0.03 the shorbest  ejector had a 
slightly better air-handling  capacity when aperatfng above the primary 
pressure ra t io  of 3.0. Gross-thrust rat ios  of the short  and medium 
1engt;h ejectors  (spacing  ratio6 of 0.213 and 0.408) were about the same 
at a weight-flow ra t io  of 0.07, but  thrust of the long ejector  (spacing 

ejectors . . ra t io  of 0.81) was 2 or 3 percent lower than for   the two shorter 

A cylindrical-type  ejector showed better pumping characteristics 
than a conical-type  ejector of the same diameter ratios and spacing 
ratios at a very l o w  value of w e i g h t - f l o w  ratio  (wight-flow  ratio below 
O.Ol>. This trend was reversed at higher  values of weight-flow r a t io .  
The thrust ratio of the cylindrical-type  ejector was  generally slightly 
higher than  for the conical-type  ejector. Reverse  secondary f l o w  was 
indicated  as more likely t o  occur  with the  conical-type  ejector. 
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Typical  ejector  wall-pressure  profiles showed that increasing 
amounts of secondary flow tended to suppress and move  downstream  the 
shocks indicated in the primary stream. Secondmy air served as a semi- 
physical boundw which essentially  controlled or altered  the prkxry- 
stream expansion process. 

Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland,  Ohio, January 25, 1954 
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SYMBOLS 

The following synibols are used in thia report: 

A area, sq f t  
CEI 
G CD primary nozzle  discharge  coefficient,  ratio of  measured w s s  f low 
c\) to  isentropic -6 f low 

% primary nozzle  thrust  coefficient,  ratio of measured jet thrust 
t o  thrust available with isentropic flow in convergent nozzle 

% exit diameter of p r m r y  nozzle, in. 
exit diameter of ejector shroud, Fn. DS 

F Jet  thrust (gross thrust), lb  
Y 
t3 g acceleration due t o  gravity, 32.17 ft f sec’ 

L axial distance between exit planes of primary nozzle and ejector 
shroud, in. 

P t o t a l  pressure,  lb/sq f t  abs 

P s t a t i c  pressure, lb/sq f t  abs 

R gas constant, 53.4 ft-lb/(lb) (92) 
T t o t a l  temperature, 9r 

v velocity, ft faec 

W weight flow, lb/sec 

Y ra t io  of specific heats of gas 

Subscripts : 

a engine inlet air 

C crit i ca l  flow 
- 

cn conical  nozzle 
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e j  

f2 

i 

in 

J 

2 

l i p  

P 

6 

ejector jet  

engFne fuel 

afterburner fuel 

isentropic 

engine inlet 

primary j e t  

leakage 

primary nozzle-exit l i p  

primary stream or  primary nozzle 

secondaxy stream or  ejector nozzle 

wall of ejector  nozzle 

d i e n t  or exhaust  conditions 

conditions upstream of engine  nozzle 

conditions at exit of engine  nozzle 

N 

M 3 

C 
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The diagram below represents  the  turbojet engine and t h e   p r h a q -  
nozzle assenibly: 

The vdue of y1 w-as assumed for  a trial cEtlculation of Tp. The C a l -  

culation was repeated us- yI based on the value of T frm the 
previous calculation, until Tp and yI corresponded at   the  existing 
known fuel-air   ratio.  

P 

The discharge  coefficient of the primary  nozzle was calculated from 
tes ts  with the  ejector shroud removed by  using  the following: 

i 
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where the parameter wBB taken from one-dimensional isentropic- . 
flow tables (ref. 81 values of rP and Pl/po. The quantity 
pl/pd equkled Pl/po for subcritical flow, or 

rl - L 

(II g y1-l 
for   c r i t i ca l  flow. The value Wp was measured, and ?e 

was taken as a calculated value at station  p. 

The thrust coefficient 5 of the primary  nozzle was calculated as 
the r a t i o  of measured jet thrust F j  to   the ideal thrust of a convergent 
nozzle F, as follows: 

where 

Fc, = (2) Vi for subcritical flow 

and 

*i - = isentropic ma68 flow 
g 

Vi = isentropic  velocity with complete expansion t o   d b i e n t  pressure 

V, = effective  isentropic  velocity of a choked convergent  nozzle 
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Vc - crit ical   isentropic  velocity 

21 

A2, p2, and po are as previously  defined 

The preceding mass flows and velocities were calculated by using one- 
djmensional isentropic-flow t a l e s  (ref. 8) at the known values of yp 
and nozzle  pressure  ratio. 
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TAELE I. - EJECTOR .TEST CONDITIONS 

. 

:onfig- IDiameter1 Spacing(  Prinmry gas 
mat ion  temperature, ratio, r a t i o ,  

Ds/Dp OR L/Dp 

1.048 

3600 t o  3700 .445 1.048 
3000 t o  3200 .445 1.048 A 

1120 0.445 

1.095  0.213 1120 
1.095 .213 

3600 .213 1.095 
3200 .213 1.095 
2000 

C 

D 

1.095 
1 .OS5 
1.095 
1.095 

1.095 
1.095 
1.095 

0.408 
.408 
.408 
.408 

0.810 
,810 
.810 

1120 
2100 to 2200 
3000 t o  32UO 

3600 

1120 
3000 t o  3100 
3600 to 3700 

I 1.195 

I 1.195 

0.403 
.403 
.403 
.403 

1120 
2100 to 2200 
3050 t o  3150 

3600 

3750 

Primary 
pressure  

r a t i o ,  
PJPO 

1.75 to 5.0 
1.75 t o  5.0 
2.0 t o  5.0 

1.75 to 5.0 
1.75 t o  6.0 
1.75 t o  5.0 
1.75 to 5.0 

1.75 to 4.5 
1.75 t o  5.0 
1.75 t o   5 . 0  
2 . 5   t o  3.0 

1.75 t o  5.0 
1.75 to 5.0 
1.75 to 5.0 

1.75 to 4.5 
1.75 to 6.0 
1.75 to 5.0 
2.5 t o  3.0 

,2.0 t o  10.0 
, 
1 . 7 5   t o  5.0, 
1.75 t o  5.0 
,1.75 to 5.0 
2.5 to 4.0 

Secondary 
pressure  

r a t i o ,  
U P 0  

0.5 t o  6.C 
1.1 t o  5.0 
1.6 to 4.e 

0.7 to 7.2 
1.0 to 7.2 
1.1 t o  6.4 
2.0 t o  6.1 

0.4 t o  7.1 
1.0 to 7.5 
1.1 to 6.2 
3.2 t o  3.5 

0.4 t o  6 . 7  
1.1 t o  6.C 
1.5 to 6.5 

0.5 t o  6.4 
.8 to 6.2 

1.3 t o  6.C 
2.7 to '3 .1  

0 . 6   t o  1.: 

0.7 t o  3.1 
.8 t o  3.1 

1.0 to 2.4 
1.5 t o  2.E 

Measured 
weight- 

flow r a t i o  
WWp 

0 t o  0.29 
.04 t o  .27 
.14 to .27 

0 to 0.25 
.02 to .25 
.11 to .26 
.23 t o  .25 

0 to 0.27 
.06 t o  .26 
.07 to .25 

.24 only 

0 t o  0.25 
.10 t o  .29 
.17 t o  .32 

0 t o  0.24 
.02 t o  .25 
.13 t o  .24 
.18 to .22 

0 to 0.31 

0 t o  0.28 
0 t o  .28 

.12 t o  .30 

.26 t o  .28 
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(b) Photograph of &ell and primary nozzle. 

Figure 2. - Concluded. Afterburner ahell. 
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Sigure 4.  - Ejector abroud. 
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25.5 I 21.1 - 
26.15 

t 
r 

station 8 

(a) Basic  engine  configuration. 

Station p 

26.75 25.5 I 
22.1 

Station 8 

(b) Configuration A j  diameter  ratio, 1.048; Spacing  ratio, 0.445. 

Figure 5. - Various  ejector  configurations  (dimensions In inchee) . 
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26.75 

25.5 

Station 8 - L -  

B 

.58 19.22 23.117.1 .a10 1.095 D 

.59 10.72  8.6 23.1 .408 1.095 C 
0.58  6.62 4.5 23.1 0.213 1.095 

(a) Configuration E; diameter ratio, 1.195; spacing ratio, 0.403. 

Flgure 5. - Continued.  Various  ejector configurations  (dimensions io inches). 
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(e) Configuration Fj diameter ratio, 1.60;  spacing ratio, 0.587. 

UbUbIUII  p 
I 

I- 
26.75 I 

1 I 
4 

I I  I 

(f) Configuration G; diameter ratio, 1.10~ S ~ ~ C I -  ra t i o ,  0.408. 

Figure 5 .  - Concluded. Verious ejector configuratione (dimensLons in inches). 



NACA RM E54Al.8 
b 

33 

0 \ 

Probe 
0 Total pressure 

Wan static 

Figure 6. - Primary-stream  instrumentation  at  station p. Water-cooled  pressure 
survey  rage located 20 inches upstream of primary nozzle exit (viewed looking 
upstream).  (Total-pressure  probes are spaced at equal flaw areas.) 
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~i@;ure 7. - Seconde;ry-streem instrumentation at station 8 (viewed  looking 
upstream). 
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Hgure 8. - Thrust pef-formance of 21.1-inch-diameter conical primary nozzle. 
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Figure 9 .  - 'Ehrust performance of 15.7S-inch-diameter c o n i d  primary mrzle. aaS temparature, 1500° RJ fuel-air ratio, 0.015; ratio of specific heats of gas, 1.337. 
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Figure 10. - Thrust coefficient of conica l  primary nozzles. 
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Figure 12. - Ejector  pumping  character- 
istics of configuration A at zero 
secondary flow. Mameter rhtio, 
1.048; spacing  ratio, 0.445. 
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weight-flow r a t i o   f o r   c o n f i g u r a t i o n  A. Diameter r a t i o ,  1.048;  apaoing 
r a t i o ,  9.445. 

Figure 13. - Effec t  of primary and secondary  pressure ratio on e j ao to r  
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( b )  Primary gas temperature, 3008 t o .  3200' R. I 
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Secondary  pressure. ratio, P$po 

( c )  Primary  gas  temperature, 1120° R. 

Figure 14. - Ratio of primary gas temperature t o  secondary air ternpera- 
ture as a funct lon.of   operat ing  condi t ion  for   e jector   configurat ion A. 
Diameter r a t i o ,  1.048; spacing ratio, 0.445. 
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(c) primary gas temperature, 3600~ t o  3700~ R. 

Figure 15. - Ejector gmes-thrust ratio at  conetant 
values of weight-flow ratio for configuration A. 
Mameter ra t io ,  1.048; qacing ratio, 0.445. 
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Figure 16. - Ejector  pumping  characteristics of configura- 
tion B at zero secondary flow. Memeter ratio, 1.0953 
spacing ratio, 0.213. 
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( a )  Primary  gas  temperature , 1120' R. 

Figure 17. - Effec t  of primary  and  secondary  pressure  ratlo on e j e c t o r  
weight-f lon  ra t io   for   configurat ion B. Diameter r a t i o ,  1.095; spacing 
r a t i o ,  0.213. 
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F i W e  17. - Continued. Effect of primary m d  seoondary pmsauro ratio on ejcotor welght-Plow ratio for oonfigmation 
E. Diameter ratio. 1.095; apaoing ratio, 0.219. 
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Figure 17. - Concluded. BfPect of primary and eemndary pressure r a t i o  on ejector weight-flow r a t i o  
for configuration B. Mameter ra t l o ,  1.0951 spacing  ratio, 0.2U. 
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Figure 18. - Ratio  of  primary  gas temperanme to secondary air tempera- 

ture a s  a function of operating  condition for eJeotor configuration B. 
Diameter  ratio, 1.095; spacing  ratio, 0.213. 

(a) Primary  gas  temperature, 3600' R. i 
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Figure 19. - Ejector  gross-thrust  ratio at 
constant values of weight-flow  ratio  for 
configuration B. Diameter ratio, 1.0953 
spacing ratio, 0.213. 
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(b) Primary gas temperature, 2000° R. 
Figure 19. - Continued.  Ejector gross-thrust ratio 
at constant values of weight-flow  ratio for con- 
figuration 3. Diameter ratio, 1.095; spacing 
ratio, 0.213. 
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Figure 19, - Concluded. Ejector gross-thrust ratio 
at constant values of weight-flow ratio for con- 
figuration B. Mameter ratio, 1.095; spacing 
ratio, 0.213. 
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Figure 20. - Ejector pumping character- 
istics of configuration C at zero 
secondary f l o w .  Mameter ratio, 1.0953 
spacing ratio, 0.408. 
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(a) primary gar, temperature, 1120' R. 

F i g u r e  21. - Effect of primary and secondary pressure   ra t io  on eJeCtOr 
weight-flow r a t i o  f o r  configuration C.  Diameter r a t io ,  1.095; spac- 
ing r a t io ,  0.408. 
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( c )  Prlmary gas temperature, 3000' to 5200' R .  

Figure 21. - Conoluded. Effeot of primary and secondnry preseurs rat io  on ejector weight-rim ratio for configuration C .  
Diameter ratla,  1.0051 spacing ratio,  0.408. 
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( b )  Primary uas termeratwe, 2100° to 2200' R .  
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SecQndary pressure ratio,  P,/po 

( c )  Primary gas temperature, 3000' to 3200' R. 

Figure 22. - Ratio of primary gas temperature t o  secondary air tempera- 
ture a8 a functlon of operating  conditione f o r  ejector  configuration C .  



65 

2.2 

1.8 

1.4 

1.0 

5 

4 

1 
A I 

4.0  4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 
3 

7 .6  
Secondary preasure ratio, Ps/po 



66 

h 

0' 
4 
c, 
E 

- NACA RM E54A18 

1.26 

1.22 

1.18 

1.14 

1.10 

1.06 

1.02 

.98 

.94 

.90 

(a)  primary gas temperature, 1120~ R. 

Figure 23. - Ejector gross-thrust ratio at con- 
stant values of weight-flow  ratio f o r  configur- 
ation C. Mameter ratio, 1.0951 spacing ratio, 
0.408. 
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Figure 23. - Continued.  Ejector gross- 
thrust  ratio  at  constant values of 
weight-flow  ratio for configuration C. 
Diameter  ratio, 1.095 3 spacing ratio, 
0.408. 
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Figure 23. - Concluded. Ejector gross- 
thrust r a t i o  a t  constant  values of 
weight-flow r a t i o  f o r  configuration C. 
Mameter ra t io ,  1.095; spacfng ra t io ,  
0.408. 
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Figure 24. - Limited data  for 
configuration C at a primary 
gas  temperature of 3 W 0  R. 
Diameter  ratio, 1.0951 spacing 
ratio, 0.408. 
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Figure 25. - EJector pumping character- 
i s t i c s  for configuration D at zero 
secondary  flow. Diameter ratio, 1.095~ 
spacing ratfo, 0.810. 
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(a) Primary gae temperature, 1120’ R. 

Figure 26. - Effect of primary and secondary pressure ratlo on e jec tor  
weight-floa ratio for configuration D. Diameter  ratio, 1.095; spac- 
i n g  ratio, 0.010. 
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Figure  26. - Continued. Effect of primary and aecondary pressure r a t i o  on ejector  weight-flow rGti.0 
for configuration D. Diameter ra t io ,  1.095; spacing r a t io ,  0.810. 
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(c) F'rimary gas temperature, 3600' to 3700' R. 

Figure 27. - Ratio of primary gas temperature to secondary air tempera- 
ture  as a function of operating conditions f o r  ejector configuration . 

D. Diameter ra t io ,  1.095; epacing  ratio, 0.810. 
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Figure 28. - Ejector gross-thrust ratio at con- 
stant  values of weight-flow ratio for conflg- 
uration D. Diameter ratio, 1.095; spacing 
ratio, 0.810. 
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(c) Primary  gas  temperature, 3600~ to 
3700' R. 

Figure 28. - Concluded. Ejector gross-thrust 
ratio at constant values of weight-flow 
ratio  for configuration D. Diameter  ratio, 
1.095; ratio, 0.810. 
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Figure 29. - Ejector pumping character- 
istics of configuration E at zero 
secondary flow. Diameter ratio, 
1.195; spacing ratio, 0.403. 
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(a) Primary gas temperature, 11.20' R. 

Figure 30. - Effect of primary and secondary pressure ratio on eJector 
weight-flow r a t i o  f o r  configuration E. Diameter  ratio, 1.195; spac- 
ing ratio, 0.403, 
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(b) Primary gals temperature,  2l& t o  2200' R. 
Figure 30. - Continued.  Effect of primary and secondary  pressure  ra t io  

on e j e c t o r   w e i g h t - f l o w   r a t i o  f o r  conf igu ra t ion  E. Diameter   ra t io ,  
1.195; s p a c i n g   r a t i o ,  0.403. 
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( c )  Primary gas temperature, 3050' t o  31SOo R. 

Figure 30. - Concluded. Effect of primary and secondary pressure r a t i o  on eJector  weight-flow  ratlo for con- 
flguretlon E. Diameter rat lo ,  1.195; spaclng ra t io ,  0.403. 
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( a )  Primary  gas  temperature, 3050' t o  3150° R. 
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(b ) Primary  gas  temperature, 2O0O0 t o  2100° R. 
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Figure 31. - Ratio of primary  gas  temperature to secondary a i r  
temperature BB a funct ion of operat ing  condi t ion8  for   e jector  
configuration E. Diameter r a t i o ,  1.195; spacing  ra t io ,  (5.403. 
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(a) Primary gas temperature, 1120° R. 

Figure 32. - EJector gross-thrust ratio  at  con- 
stant values of weight-flow  ratio for config- 
uration E. Diameter  ratio, 1.195; spacing 
ratio, 0.403. 
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Figure 32. - Continued.  Ejector  gross-thrust  ratio 
at  constant  values of  weight-flow  ratio  for con- 
figuration E. Diameter  ratio, 1.195; SPaCfng 
ratio, 0.403. 
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Figure 32. - Concluded. Ejector gross-thrust 
ratio at  constant values of weight-flow ratio 
for configuration E. Diameter ratio, 1.1951 
spacing ratio, 0.403. 
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Figure  33. - Limited data for 
configuration C at a pri- 
mary gas  temperature of 
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Figure 35. - Ejector gross-thrust ratio at  constant values of weight-flow ratio 
for configuration F. Primary gas temperature, 1500° R. Mameter ratio, 1.601 
spacing ratio, 0.587. 
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Figure 37. - Ejector pumping character- 
istics of configuration G at zero sec- 
ondary f l o w .  Diameter ratio, 1.10; 
spacing ratio, 0.408. 
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Figure 38. - Effect of primary and secondary  pressure  ratio on eJec- 
tor  weight-flow  ratio  for  configuration G. Diameter ratio, 1.10; 
s p c l n g  ratio, 0.408. 
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(b) Primary gas temperature, 220O0 R. 

Figure 38. - Continued.  Effect of primary and secondary  pressure 
ratio on ejector  weight-flow ratio for configuration G. Diameter 
ratio, 1.10; spacing ratio, 0.408. 
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Figure 38. - Concluded. Effect of p r i m s r y  and  secondary pressure 
ratio on ejector  weight-flow  ratio for configuration G. Mameter 
ratio, 1.1Oj spacing ratio, 0.408. 
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Figure  39. - Ratio of primry gas temperature to secondary air temper- 
ature as a function of operating conditions for ejector  configuration 
G. Diameter ratio, 1.101 spacing ratio, 0.408. 
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Figure 39. - Concluded. Ratio of primary gas temperature t o  secondary air 
temperature as a function of operating conditions for ejector configura- 
t ion  G. Diameter rat io ,  1.10; spacing ratio, 0.408. 
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(a) Primary  gas  temperature, 1.120~ R. 

Figure 40. - Ejector  gross-thrust ratio at 
constant  values of weight-flow  ratio  for 
configuration G. Diameter  ratio, 1.10; 
spacing ratio, 0.408. 
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Figure 40. - Continued.  Ejector gross- 
thrust  ratio  st  constant  values of 
weight-flow  ratio for configuration 
G. Diameter  ratio, 1.1Oj spacing 
ratio, 0.408. 
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Figure 40. - Concluded. EJector  gross-thrust ratio 
at  constant  values of weight-flow  ratio  for con- 
figuration G. Diameter  ratio, 1-10; spacing 
ratio, 0.408. 
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(b) Copstant aecondary pressure ratio, 2.5. 

Figure 41. - Concluded. Camgarison of measured and corrected weight-flow ratio over 
range of primary and secondary pressure ratio for configuration A. Diameter ratio, 
1.048; spacing ratio, 0.445. 
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Figure 43. - comparison of measured ead corrected weight-flow ratio over range of 
primary and secondary pree- r a t i o  for  configuration C. Diameter ratio, 1.095; 
Bpacing ratio, 0.408- 
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Figure 43. - Concluded. Comparison of meamred a ~ d  corrected  weight-flow  ratio over 
range of  primary and secondary  pressure  ratio for configuration C. Diameter ratio, 
1.095; spacing  ratio, 0.408. 
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Figure 44. - Concluded.  Comparison of measured  and  corrected  weight-flow  ratio over 
range of primary and secondary  pressure  ratio for configuration D. Diameter  ratio, 
1.095; spacing mtio, 0.810. 
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Figure 45. - Concluded. Comparison of measured and correctea wight-flow ratio over 
range of primary and secondary preseure ratio for configuration E. Diameter ratio, 

A4.0 

1.195; Spacing rat io, 0.403. 
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Secondary pressure  ratio, ps/p0 

(a) Constant primary preeeure ra t io ,  3.5. 

Figure 46. - Conprison of mewured and corrected weight-flow r a t i o  over 
range of primary and secondary pressure ratio for configuratfon G. 
Mameter ra t io ,  1.10; spcing ratio, 0.4083 conical. . 
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Figure 46. - Concluded. Compxison of measured  and corrected weight-flow 
ratio over range of primary and secondary pressure ratio f o r  configuration 
G. Mameter rat io ,  1.10; spacing ratio, 0.408; conical. 
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Figure 47. - Effect of diameter ratio and spacing ratio on degree of correlation 
of cylindrical-ejector  air-flow  characteristics  obtained with the  corrected 
weight-flow garameer. Pciw pressure ratio, 3.53 secondary pressure ratio, 
2.5. 
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Figure 48. - Gross-thrust ratio of ejector configuratfons with various 
primary gas teqeratures at primary pressure ra t io  of 5.0. 
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Figure 48. - Continued. Qross-thrust ratio of ejector configurations xith various 
primary gas temperatures at primary pressure ratio of 5.0. 
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Flgure 48. - Concluded. Gross-thrust ratio of ejector configurations xith various 
primars gas temperatures st primary pressure ratio of 5.0. 
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Figure 49. - Cornpariaon of ejector  characteristics for three 

cylindrical  ejectors having approximately the same spacing 
ratio of 0.4 at diaoieter ratios of 1.048, 1.095, and 1.195. 
primary gas temperature, m o o  R. 



NACA RM E54A18 

1.08 

k 
0 

.92 

.88 

123 

1 2 3 4 
primary pressure ratio, P /p P O  

(b) Thrust characteristics. 

Figure 49. - Concluded. Comparison of ejector 
characteristics for three cylindrical eJec- 
tors having approximately the same spacing 
ratio of 0.4 at diameter ratios of 1.048, 
1.095, and 1.195. Primary gas temperature, 
1120' R. 
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Flgure 50. - Cornpariaon of ejector characteriatica for three 
cylindrical ejectors having the same diameter ratio of 
1.095 at  spacing  ratios of 0.213, 0.408, and 0.810. Primary 
gas temperature, U20° R. 
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(b) Thrust characteristics. 

Figure 50. - Concluded. Comparison of ejector 
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Figure 51. - Comparison of cylindrical- and conical-ejector characterlatics at 
approximately the s m e  diameter ratio and spacing ratio. Primary gas temperature, 
ll2OO R; spacing  ratio, 0.408. 
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Figure 51. - Concluded.  Comparison of cylindricsl- 
and conical-ejector  characteristics  at  approxi- 
mately the same diameter-qtio and spacing  ratio. 
Primary gas  temperature , 1120' R; spacing  ratio, 
0.408. 
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